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1
METHODS FOR PERFORMING EXTENDED
WAFER-LEVEL PACKAGING (EWLP) AND
EWLP DEVICES MADE BY THE METHODS

TECHNICAL FIELD OF THE INVENTION

The invention relates to embedded Wafer-Level Packag-
ing (eWLP) technology, and more particularly, to eWLP
methods and eWLP devices made by the method.

BACKGROUND OF THE INVENTION

eWLP technology is a semiconductor device packaging
technology in which a multiplicity of device packages
having semiconductor dies or chips embedded therein are
co-formed with one another as part of a single “wafer” of
moldable material and then transformed into individual
packages by dicing or singulating the wafer. The process of
forming eWLP packages commonly begins with mounting a
multiplicity of semiconductor dies on an adhesive tape base.
A robotic pick-and-place machine is commonly employed in
the mounting step. Next, a layer of molding compound, such
as a liquid polymer, is applied to the dies and to the adhesive
tape base, thereby embedding, or potting, the dies within the
molding compound. The molding compound is then cured to
harden it. The resulting assembly is analogous to a watfer of
the type traditionally employed in semiconductor fabrication
in that the assembly is singulated in a later step of the
process. For this reason, such an eWLP assembly is some-
times referred to as a wafer.

The tape base is removed from the assembly, exposing the
front side of the assembly. The molding compound surface
on the back side of the assembly is ground down until the
assembly has a target thickness. Next, a metal layer is
applied to one or both surfaces of the assembly by, for
example, metal sputtering or electro-plating. Each metal
layer is then photolithographically patterned to form a
redistribution layer (RDL) that defines electrical signal
paths. In some types of eWLP processes, arrays of solder
balls are formed on the RDL. The assembly is then diced
into individual eWLP packages, each containing one or
more semiconductor chips.

Optoelectronic devices or modules having eWLP pack-
ages are known. Optoelectronic modules, such as optical
transmitter and receiver modules, for example, are used in
optical communications systems and sensor systems. In the
case of an optical communications system, an optical trans-
mitter can convert electrical signals that are modulated with
information into optical signals for transmission over an
optical fiber. An optoelectronic light source, such as a laser
diode, performs the electrical-to-optical signal conversion in
the optical transmitter. An optical receiver can receive the
optical signals transmitted over the optical fiber and recover
the information by demodulating the optical signals. An
optoelectronic light detector, such as a photodiode, performs
the optical-to-electrical signal conversion in the optical
receiver. The functions of optoelectronic modules in sensor
systems are very similar, with an emitting device (e.g., a
laser diode) performing the electrical-to-optical conversion
and a receiving device (e.g., a photodiode) performing the
optical-to-electrical conversion. Additional integrated cir-
cuits (ICs) might be included in the eWLP package for
controlling the system or processing data and signals in the
system.

The optoelectronic light sources, receivers and/or ICs
incorporated into the eWLP packages have front side and/or
back side contacts on them. The front side contacts become

10

15

20

25

30

35

40

45

50

55

60

65

2

accessible when the adhesive tape is removed from the front
side of the wafer. Any back side contacts, however, are
typically encapsulated within the hardened molding com-
pound, and therefore are not easily accessible. One way to
access the back side contacts is to form thru-silicon vias
(TSVs) or thru-mold vias (TMVs5) in the bulk material of the
chips or in the mold material, respectively, to create elec-
trical pathways from the front side of the wafer to the back
side of the wafer. Electrical connections (e.g., bond wires)
may then be used to connect the ends of the vias disposed on
the back side of the wafer to electrical contacts disposed on
the back sides of the chips. The manner in which such
connections are made within the wafer affects manufactur-
ing economy.

Accordingly, it would be desirable to provide eWLP
methods that allow back side electrical and/or thermal
connections to be easily and economically made.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A illustrates a side cross-sectional view of a semi-
conductor wafer having a plurality of optoelectronic chips
formed therein.

FIG. 1B illustrates a side cross-sectional view of the wafer
shown in FIG. 1A having respective backside contact ele-
ments disposed on the metallization layer of each chip.

FIG. 1C illustrates a side cross-sectional view of the wafer
shown in FIG. 1B after the wafer has been diced, or
singulated, to separate the chips from one another.

FIG. 2A illustrates a cross-sectional view of one of the
chips shown in FIGS. 1A-1C, two other chips, and a bulk
component as they are all being mounted on an adhesive
tape base.

FIG. 2B illustrates a cross-sectional view of the chips and
the block of bulk material shown in FIG. 2A after they have
been mounted on the adhesive tape base.

FIG. 2C illustrates a cross-sectional view of the chips and
the block of bulk material mounted on the adhesive tape base
as shown in FIG. 2B as a mold compound is being poured
over the tape base, the chips and the block of bulk material.

FIG. 2D illustrates a cross-sectional view of the chips and
the block of bulk material shown in FIG. 2C encapsulated in
the cured mold material forming an artificial eWLP wafer.

FIG. 2E illustrates a cross-sectional view of the artificial
wafer shown in FIG. 2D being subjected to a down-grinding
process.

FIG. 2F illustrates a cross-sectional view of the artificial
wafer shown in FIG. 2E after it has been ground down to
expose portions of the contact elements, the interior of the
bulk material block and the bulk material of one of the chips.

FIG. 2G illustrates a cross-sectional view of the artificial
wafer shown in FIG. 2F being subjected to a metal deposi-
tion process.

FIG. 2H illustrates a cross-sectional view of the eWLP
wafer shown in FIG. 2G after the adhesive tape base has
been removed, the wafer has been flipped, and the wafer has
been mounted on a second adhesive tape base.

FIG. 2I illustrates a cross-sectional view of the eWLP
wafer shown in FIG. 2H after the front side of the wafer has
been subjected to a metal deposition process to form a metal
layer on the front side of the wafer.

FIG. 2J illustrates a cross-sectional view of the eWLP
wafer shown in FIG. 21 with the remaining portions of the
metal layer disposed on the functional structures of the
chips.
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FIG. 2K illustrates a cross-sectional view of the eWLP
wafer shown in FIG. 2J with the structured metal layer
covered with a layer of dielectric material.

FIG. 2L illustrates a cross-sectional view of the eWLP
wafer shown in FIG. 2K after the dielectric layer has been
structured, or patterned, to form patterned dielectric layer.

FIG. 2M illustrates a cross-sectional view of the eWLP
wafer shown in FIG. 2L after contact elements have been
placed on portions of the metal layer.

FIG. 2N illustrates a cross-sectional view of the singu-
lated eWLP package that results from performing a dicing
operation.

FIG. 3 illustrates a cross-sectional view of an eWLP
assembly comprising the eWLP package shown in FIG. 2N
electrically connected to a PCB.

FIG. 4A illustrates a cross-sectional view of the eWLP
wafer shown in FIG. 2G with a layer of dielectric material
disposed on the back side of the wafer on top of the metal
layer.

FIG. 4B illustrates a cross-sectional view of the wafer
shown in FIG. 4A after it has been subjected to a dielectric
layer structuring, or patterning, process to form a patterned
dielectric layer on top of the metal layer.

FIG. 4C illustrates a cross-sectional view of the wafer
shown in FIG. 4B after the tape base has been removed.

FIG. 4D illustrates a cross-sectional view of the wafer
shown in FIG. 4C after the wafer has been flipped and the
back side is placed in contact with another adhesive tape
base.

FIG. 4E illustrates a cross-sectional view of the wafer
shown in FIG. 4D after it has been subjected to a metal
deposition process by which a metal layer is formed on the
front side of the wafer.

FIG. 4F illustrates a cross-sectional view of the wafer
shown in FIG. 4E after it has been subjected to a metal layer
structuring, or patterning, process to form a structured metal
layer on the front side of the wafer.

FIG. 4G illustrates a cross-sectional view of the wafer
shown in FIG. 4F after the wafer has been flipped and placed
on another adhesive tape base.

FIG. 4H illustrates a cross-sectional view of the wafer
shown in FIG. 4G after electrically-conductive contact ele-
ments have been placed on the back side of the wafer.

FIG. 41 illustrates a cross-sectional view of the wafer
shown in FIG. 4H after it has been singulated into multiple
eWLP packages.

FIG. 4] illustrates a cross-sectional view of the wafer
shown in FIG. 41 after the adhesive tape base has been
removed.

FIG. 5 illustrates a cross-sectional view of an eWLP
assembly comprising the eWLP package shown in FIG. 4]
flipped and mounted on a PCB.

FIG. 6 illustrates a cross-sectional view of an example of
an optoelectronic eWLP package in accordance with an
illustrative embodiment.

FIG. 7 illustrates a cross-sectional view of an example of
an optoelectronic eWLP package in accordance with an
illustrative embodiment.

FIG. 8 illustrates a cross-sectional view of an example of
an optoelectronic eWLP package in accordance with an
illustrative embodiment.

FIG. 9 illustrates a cross-sectional view of an example of
an optoelectronic eWLP package in accordance with an
illustrative embodiment.

DETAILED DESCRIPTION

In accordance with the invention, eWLP methods are
provided that allow back side electrical and/or thermal
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connections to be easily and economically made at the
eWLP wafer level without having to use TMVs or TSVs to
make such connections. In addition, the eWLP methods
allow electrical and optical interfaces to be easily and
economically formed on the front side and/or on the back
side of the eWLP wafer, which allows the e WLP methods to
be used to form optoelectronic devices having a variety of
useful configurations. Illustrative embodiments of the eWLP
methods will first be described with reference to FIGS.
1A-5, and then a variety of eWLP optoelectronic devices,
packages and assemblies that may be made by the eWLP
methods will be described with reference to FIGS. 6-9. Like
reference numerals in the figures represent like elements,
features or components. Elements, features or components
in the figures are not drawn to scale and are not intended to
be dimensionally accurate.

FIG. 1A illustrates a side cross-sectional view of a semi-
conductor wafer 1 having a plurality of optoelectronic chips
2 formed therein. The wafer 1 has a frontside 1a and a
backside 15. A plurality of electrically-conductive functional
structures 3 are formed on the front side 1a of the wafer 1
during known wafer-level processes. The functional struc-
tures 3 may be any type of structures, but are typically
electrical contacts for providing electrical pathways to elec-
trical contact pads (not shown) formed in the respective
chips 2. Each chip 2 has a bulk 2a, which is the primary
material of which the chip 2 is made. The bulk 2¢ may be
made of any type of material, such as a semiconductive
material, a conductive material, an insulative material, or
any combination thereof. Although the wafer 1 shown in
FIG. 1A is referred to herein as a semiconductor wafer, this
terminology is intended to denote that the wafer 1 is formed
using known semiconductor, or microelectronic, fabrication
processes rather than to denote the type of bulk material of
which the wafer 1 is made. In accordance with this illustra-
tive embodiment, a metallization layer 4 is formed on the
backside 15 of the wafer 1 by known wafer-level processes,
e.g., sputtering, vapor deposition, etc. The metallization
layer 4 is not needed in all cases, as will be described below
in more detail with reference to FIG. 6.

FIG. 1B illustrates a side cross-sectional view of the wafer
1 shown in FIG. 1A having respective backside contact
elements 5 disposed on the metallization layer 4 of each chip
2. The contact elements 5 may comprise any type of
electrically-conductive or electrically-semiconductive mate-
rial, but typically comprise an electrically-conductive mate-
rial such as solder metal alloy, but may instead be a ceramic
element and/or a polymer element. If metal is used for the
contact elements 5, the contact elements 5 may be, for
example: solder bumps that are attached to the metallization
layer 4 by a solder reflow process; solder bumps that are
formed by applying a solder paste to the metallization layer
4 and then subsequently heating the solder paste in a thermal
reflow step; a metal part that is glued to the metallization
layer 4; and a metal part that is bonded to the metallization
layer 4 by a thermo-compression bonding process. If a
ceramic material or glass is used for the contact elements 5,
the contact elements may be, for example: a ceramic part
that is soldered to the metallization layer 4; glass that is
applied to the metallization layer 4 as a glass frit that is
applied to the metallization layer 4 and then subjected to an
annealing process; a ceramic part that is glued to the
metallization layer 4; and a ceramic part that is bonded to the
metallization layer 4 by a thermo-compression molding
process. For illustrative purposes, the contact elements 5 are
shown as being solder bumps. If a polymeric part is used for
the contact elements 5, the contact elements may be, for



US 9,425,175 B2

5

example: a polymeric part that is soldered to the metalliza-
tion layer 4; a polymeric part that is applied to the metalli-
zation layer 4 and then subjected to a thermal cure process
to form polymer bumps; a polymeric part that is glued to the
metallization layer 4; and a polymeric part that is bonded to
the metallization layer 4 by a thermo-compression molding
process. For illustrative purposes, the contact elements 5 are
shown as being solder bumps.

FIG. 1C illustrates a side cross-sectional view of the wafer
1 shown in FIG. 1B after the wafer 1 has been diced, or
singulated, to separate the chips 2 from one another. After
the chips 2 have been singulated from one another, the chips
2 are used in combination with other components to form an
artificial wafer, as will now be described with reference to
FIGS. 2A-2H. A known pick-and-place machine (not
shown) is used to place one or more of the chips 2 shown in
FIGS. 1A-1C and one or more other chips and one or more
various other components at precise locations on an adhe-
sive tape base. FIG. 2A illustrates a cross-sectional view of
one of the chips 2 shown in FIGS. 1A-1C, two other chips
20 and 30, and a bulk component 10 as they are all being
mounted on an adhesive tape base 13. The adhesive tape
base 13 forms the base of the artificial wafer. In accordance
with this embodiment, component 10 is a block of bulk
material having a known electrical conductivity and chips 20
and 30 are different types of chips that have been formed on
respective semiconductor wafers (not shown) and singulated
therefrom. Chips 20 and 30 are also different in type from
chip 2. All of the chips 2, 20 and 30 have been formed on
respective wafers (not shown) by known microelectronic
chip fabrication processes.

In accordance with this illustrative embodiment, chips 20
and 30 have metallization layers 21 and 31 that were
previously formed on the back side thereof by known
wafer-level metallization processes. A plurality of electri-
cally-conductive functional structures 22 and 32 were pre-
viously formed on the front side of the chips 20 and 30,
respectively, by one or more known wafer-level processes
prior to the chips 20 and 30. The functional structures 22 and
32 may be any type of structures, but are typically electrical
contacts that provide electrical pathways from the front sides
of'the chips to electrical circuitry (not shown) located inside
of the chips 20 and 30. Chip 30 has a contact element 35
disposed on the metallization layer 31 that may be identical
to the contact element 5 disposed on the metallization layer
4 of chip 2.

FIG. 2B illustrates a cross-sectional view of the chips 2,
20 and 30 and the block of bulk material 10 after they have
been mounted on the adhesive tape base 13. FIG. 2C
illustrates a cross-sectional view of the chips 2, 20 and 30,
and the block of bulk material 10 mounted on the adhesive
tape base 13 as a mold compound 36 is being poured over
the tape base 13, the chips 2, 20, 30 and the block of bulk
material 10. The mold compound 36 is poured into a mold
(not shown) and cured to cause it to harden. FIG. 2D
illustrates a cross-sectional view of the chips 2 and 20 and
the block of bulk material 10 encapsulated in the cured mold
material 37, which is in contact with portions of the adhesive
tape base 13 in between the areas where the chips 2, 20, 30
and the block of bulk material 10 are in contact with the
adhesive tape base 13. The configuration shown in FIG. 2D
represents the eWLP artificial wafer 40.

It should be noted that although the contact elements 5
and 35 have been shown and described as being placed on
the metallization layers 4 and 31, respectively, before the
pick-and-place machine places the chips 2 and 30, respec-
tively, on the adhesive tape base 13, the contact elements 5
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and 35 may instead be placed on the metallization layers 4
and 31 after the chips 2 and 30, respectively, have been
placed on the adhesive tape base 13.

FIG. 2E illustrates a cross-sectional view of the artificial
wafer 40 being subjected to the down-grinding process.
After the eWLP artificial wafer 40 has been formed, a
down-grinding device 41 is used to perform a down-grind-
ing operation that grinds down the top surface 40a of the
artificial wafer 40 until the wafer 40 has a particular, or
desired, thickness. The manner in which such down-grind-
ing operations are performed to thin wafers to a desired
thickness is well known. In accordance with this illustrative
embodiment, the artificial wafer 40 is ground down to
expose portions of the contact elements 5, 35 the interior of
the bulk material block 10 and the bulk material 204 of the
chip 20 below the metallization layer 21. FIG. 2F illustrates
a cross-sectional view of the artificial wafer 40 after it has
been ground down to expose portions of the contact ele-
ments 5, 35, the interior of the bulk material block 10 and the
bulk material 20a of the chip 20.

As will be described below in more detail, in accordance
with this illustrative embodiment, the block of bulk material
10 and the bulk material 20a of chip 20 will be used to
provide electrically-conductive pathways from the front side
of the eWLP wafer 40 to the back side of the eWLP wafer
40. The contact elements 5, 35 are used to provide electri-
cally-conductive pathways from the back side of the eWLP
wafer 40 to the metallization layers 4 and 31, respectively.
Providing all of these electrically-conductive pathways
eliminates the need to form TMVs or TSVs in the mold
material 37 or in the chips 2, 20 and 30 in order to provide
electrically-conductive pathways from the front side to the
back side of the eWLP wafer. Also, by forming these
electrically-conductive pathways between the front side and
the back side of the wafer 40, other process such as galvanic
growth processes and electroplating processes that are some-
times used to provide electrically-conductive contact areas
on the back side of an eWLP wafer are avoided. Such
processes typically use copper or nickel as the electrically-
conductive material. Grinding down copper or nickel pro-
duces copper or nickel particles that contaminate the eWLP
wafer fabrication process. By avoiding the use of such
processes and materials, the back side electrical connections
are made safely and economically at the eWLP wafer-level
without risking contamination of the eWLP wafer fabrica-
tion process.

FIG. 2G illustrates a cross-sectional view of the artificial
wafer 40 being subjected to a metal deposition process. By
the metal deposition process, a metal layer 42 is formed on
the top surface 40a of the eWLP wafer 40. The metal layer
40 is in contact with the contact elements 5, 35, with the
block of bulk material 10 and with the bulk material 20a of
the chip 20. After formation of the metal layer 42, the
adhesive tape base 13 is removed. FIG. 2H illustrates a
cross-sectional view of the eWLP wafer 40 shown in FIG.
2G after the adhesive tape base 13 has been removed, the
wafer 40 has been flipped, and the wafer 40 has been
mounted on a second adhesive tape base 50 such that the
metal layer 42 is in contact with the adhesive tape base 50.
In other words, the back side of the wafer 40 is now in
contact with the adhesive tape base 50 and the front side is
exposed.

FIG. 2I illustrates a cross-sectional view of the eWLP
wafer 40 shown in FIG. 2H after the front side of the wafer
40 has been subjected to a metal deposition process to form
a metal layer 51 on the front side of the wafer 40. The metal
layer 51 covers the electrically-conductive functional struc-



US 9,425,175 B2

7

tures 3, 22 and 32. After the metal layer 51 is been put down,
it is structured, or patterned, using known metal structuring
processes (e.g., masking and etching). FIG. 2J illustrates a
cross-sectional view of the eWLP wafer 40 shown in FIG. 21
with the remaining portions 51a of the metal layer 51
disposed on the functional structures 3, 22 and 32. FIG. 2K
illustrates a cross-sectional view of the eWLP wafer 40
shown in FIG. 2] with the structured metal layer 51a
covered with a layer of dielectric material 52. FIG. 2L
illustrates a cross-sectional view of the eWLP wafer 40
shown in FIG. 2K after the dielectric layer 52 has been
structured, or patterned, to form patterned dielectric layer
52a. Known photolithographic processes are used to pattern
the dielectric layer 52. The patterned dielectric layer 52a
provides dielectric features that insulate the metal portions
51a from adjacent metal portions 51a.

After the dielectric layer 52 has been patterned, as shown
in FIG. 2L, electrically-conductive contact elements 61 are
placed on the metal portions 51a of metal layer 51, as shown
in FIG. 2M, which illustrates a cross-sectional view of the
eWLP wafer 40 shown in FIG. 2L after the contact elements
61 have been placed on the portions 51a of the metal layer
51. After the EWLP wafer 40 has been fabricated by the
process described above with reference to FIGS. 2A-2M, a
singulation process is performed to singulate the eWLP
package shown in FIG. 2M from the other eWLP packages
formed in the same wafer 40. Although only one package is
shown in FIG. 2M, there will typically be many such
packages formed in a single eWLP wafer. The dashed lines
55 in FIG. 2M represent the dicing locations at which the
wafer 40 is sawed. FIG. 2N illustrates a cross-sectional view
of the singulated eWLP package 60 that results from per-
forming the dicing operation represented by the dashed lines
55. After the dicing operation has been performed, the
second adhesive tape base 50 is removed, resulting in the
finished eWLP package 60 shown in FIG. 2N. Although the
package 60 shown in FIG. 2N may considered finished, or
completed, further processing of the package 60 may occur
if further processing is needed or desired to add additional
features, components or elements.

FIG. 3 illustrates a cross-sectional view of an eWLP
assembly 100 comprising the eWLP package 60 shown in
FIG. 2N electrically connected to a PCB 70. The eWLP
package 60 is electrically connected to the PCB 70 via the
contact elements 61 of the package 60 being placed in
contact with respective electrically-conductive contact ele-
ments 71 of the PCB 70. Other mechanisms (not shown)
may be used to mechanically couple the PCB 70 with the
package 60 and to provide mechanical stability for the
assembly 100. Optical windows 72 and 73 are formed in the
PCB 70 that pass from a top side 70a of the PCB 70 to a
bottom side 706 of the PCB 70. In accordance with this
illustrative embodiment, the chip 2 is an optoelectronic
receiver chip, such as, for example, a photodiode chip, and
the chip 30 is an optoelectronic transmitter chip, such as, for
example, a light emitting diode (LED) or laser diode chip.
Thus, in accordance with this illustrative embodiment, the
arrow 74 represents light passing through the window 72
and impinging on a light-receiving area of the chip 2 and the
arrow 75 represents light emitted from the chip 30 and
passing through the window 73. Thus, the windows 72 and
73 are transparent to operating wavelengths of the chips 2
and 30, respectively. The chip 20 may be, for example, a
receiver chip for processing electrical sense signals pro-
duced by the chip 2, a laser diode driver chip for producing
electrical drive signals that drive the chip 30, or a combi-
nation of the two.
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It can be seen from FIG. 3 that the eWLP assembly 100
has an optical interface and an electrical interface with the
PCB 70 that are on the same side of the eWLP package 60.
If desired or needed, electrical contact between the PCB 70
and the back side of the eWLB package 60 and any electrical
contacts (not shown) located on the back sides of the chips
2 and 30 may be made via contact elements 61 and 71, bulk
material block 10, the metal layer 42 disposed on the back
side of the eWLP package 60, and the contact elements 5 and
35, respectively. As indicated above, the bulk material of the
block 10 has an electrical conductivity that is sufficiently
high to allow it to be used as an electrical pathway. The bulk
material 20a of chip 20 may also have an electrical conduc-
tivity that is sufficiently high to allow it to be used as an
electrical pathway. In addition, further processing of the
eWLP package 60 can be performed to form a redistribution
layer in the metal layer 42 to further facilitate electrically
interfacing the chips 2, 20 and 30 to other devices (not
shown). The manner in which such redistribution layers are
formed is well known and therefore will not be further
described herein in the interest of brevity.

The process described above with reference to FIGS.
2G-2N may be altered to create an eWLP assembly having
an optical interface on one side of the assembly and an
electrical interface on the opposite side of the assembly, as
will now be described with reference to FIGS. 4A-4]. FIG.
2G is shown again in FIG. 4A, but with a layer of dielectric
material 111 disposed on the back side of the wafer 40 on top
of the metal layer 42. FIG. 4B illustrates a cross-sectional
view of the wafer 40 shown in FIG. 4A after it has been
subjected to a dielectric layer structuring, or patterning,
process to form a patterned dielectric layer 111a on top of
the metal layer 42. Known photolithographic techniques or
other known wafer processing techniques are used to struc-
ture or pattern the dielectric layer 111. After the dielectric
layer structuring process has been performed, the adhesive
tape base 13 is removed. FIG. 4C illustrates a cross-sectional
view of the wafer 40 shown in FIG. 4B after the tape base
13 has been removed.

After the tape base 13 has been removed, the wafer 40 is
flipped and the back side is placed in contact with another
adhesive tape base 120 such that the patterned dielectric
layer 111a is contact with the adhesive of the tape base 120,
as represented by the cross-sectional view of the wafer 40
shown in FIG. 4D. The wafer 40 is then subjected to a metal
deposition process by which a metal layer 121 is formed on
the front side of the wafer 40, as represented by the
cross-sectional view shown in FIG. 4E. A metal layer
structuring, or patterning, process is then performed on the
wafer 40 to pattern, or structure, the metal layer 121 to form
a structured metal layer 121a on the front side of the wafer
40, as represented by the cross-sectional view of the wafer
40 shown in FIG. 4F. The wafer shown in FIG. 4F is then
flipped and placed on another adhesive tape base 130, as
represented by the cross-sectional view of the wafer 40
shown in FIG. 4G. Electrically-conductive contact elements
133 are then placed on the back side of the wafer 40 where
there are openings in the patterned dielectric layer 111a
above the contact elements 5, 35 and the top surface of the
block of bulk material 10 and in contact with the metal layer
42, as represented by the cross-sectional view of the wafer
40 shown in FIG. 4H. The wafer 40 shown in FIG. 4H is then
singulated into multiple eWLP packages, as represented by
the dashed lines 134 in the cross-sectional view of the wafer
40 shown in FIG. 41. The adhesive tape base 130 is then
removed, resulting in the finished eWLP package 140 shown
in FIG. 41.
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FIG. 5 illustrates a cross-sectional view of an eWLP
assembly 150 comprising the eWLP package 140 shown in
FIG. 4] flipped and mounted on a PCB 160 such that the
contact elements 133 of the eWLP package 140 are in
contact with respective contact elements 161 of the PCB
160. Other mechanisms (not shown) may be used to
mechanically couple the PCB 160 with the eWLP package
140 and to provide mechanical stability for the assembly
150. No optical windows are needed in the PCB 160 because
the optical interface is on the side of the assembly 150
opposite the PCB 160. In accordance with this illustrative
embodiment, the chip 2 is an optoelectronic receiver chip,
such as, for example, a photodiode chip, and the chip 30 is
an optoelectronic transmitter chip, such as, for example, an
LED chip or a laser diode chip. Thus, in accordance with this
illustrative embodiment, the arrow 164 represents light
impinging on a light-receiving area of the chip 2 and the
arrow 165 represents light emitted from the chip 30. The
chip 20 may be, for example, a receiver chip for processing
electrical sense signals produced by the chip 2, a laser diode
driver chip for producing electrical drive signals that drive
the chip 30, or a combination of the two.

It can be seen from FIG. 5 that the eWLP assembly 150
has an optical interface at one side of the assembly 150 and
an electrical interface with the PCB 160 at the opposite side
of the assembly 150. If desired or needed, electrical contact
between the PCB 160 and the electrical contacts 3, 22 and
32 located on the front sides of the chips 2, 20 and 30,
respectively, may be made via contact elements 161 and 133
that are electrically coupled to the bulk material block 10,
via the metal layer 42, via the bulk material block 10, via the
bulk material 20a of chip 20, and via the patterned metal
layer 121a. As indicated above, the bulk material of the
block 10 has an electrical conductivity that is sufficiently
high to allow it to be used as an electrical pathway. In
accordance with this illustrative, the bulk material 20a of
chip 20 has an electrical conductivity that is sufficiently high
to allow it to be used as an electrical pathway. Of course,
electrical contact between the PCB 160 and the electrical
contacts 3, 22 and 32 may be accomplished in other ways.
In addition, further processing of the eWLP package 140 can
be performed to form a redistribution layer in the patterned
metal layer 121a to further facilitate electrically interfacing
the contacts 3, 22, and 32 of the chips 2, 20 and 30,
respectively, to other devices (not shown).

The water-level processes described above with reference
to FIGS. 1A-4], and variations thereof, may be used to
create a number of useful optoelectronic eWLP assemblies
while making it easier and more cost effective to make
electrical connections to the back side of eWLP packages at
the eWLP wafer level. Various examples of such assemblies
will now be described with reference to FIGS. 6-9.

FIG. 6 illustrates a cross-sectional view of an example of
an eWLP package 200 that is similar to the eWLP package
60 shown in FIG. 2N except that chip 30, the block of bulk
material 10 and the associated elements shown in FIG. 2N
have been eliminated. In accordance with this embodiment,
the chips 2 and 20 are an LED chip and an LED driver chip,
respectively. The package 200 is formed by processes simi-
lar to those described above with reference to FIGS. 1A-2M,
except that some of those process steps have been skipped.
For example, the process steps of adding the metallization
layer 4 and the contact elements 5 in FIGS. 1A and 1B,
respectively, have been skipped because they are not needed.
The back side of the package 200 has a metal layer 201
thereon that is added during the eWLP wafer-level process,
after the eWLP wafer has been ground down. The metal
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layer 201 interconnects electrical contacts (not shown) dis-
posed on the back sides of the chips 2 and 20. Thus, the back
side electrical contacts of the chips 2 and 20 are at the same
electrical potential. In the bulk material 20a of chip 20,
p-type or n-type wells electrically isolate the functional
structures 22 of chip 20 from the back side electrical contact
of chip 20. The arrow 202 represents light emitted by the
LED chip 2.

The configuration shown in FIG. 6 is advantageous
because LED chips often have one front side electrical
contact and one back side electrical contact. Another advan-
tage of the configuration shown in FIG. 6 is that a heat sink
device (not shown) may be secured to the metal layer 201 to
allow heat generated by the chips 2 and 20 to be dissipated
through the back side of the package 200.

FIG. 7 illustrates a cross-sectional view of an example of
an eWLP package 210 that is similar to the eWLP package
60 shown in FIG. 2N except that chips 20 and 30 and the
associated elements shown in FIG. 2N have been eliminated.
In accordance with this embodiment, the chip 2 is an LED
chip driven by external LED driver circuitry (not shown).
The package 210 is formed by processes similar to those
described above with reference to FIGS. 1A-2M, except that
some of those process steps have been skipped. The back
side of the package 210 has a metal layer 211 thereon that
interconnects electrical contacts (not shown) disposed on the
back sides of the chip 2 with the bulk material 20a of the
block of bulk material 20. The bulk material (e.g., silicon) of
block 10 is sufficiently electrically conductive to conduct
enough electrical current to drive the LED chip 2. The
external LED driver circuitry is connected to the electrical
contact element 61 disposed above the block 10. The block
10 conducts the electrical drive current to the back side of
the package 210 into the metal layer 211, which is connected
to the back side electrical contact (not shown) of the chip 2.
In this way, the external LED driver circuitry drives the LED
chip 2. The arrow 212 represents light emitted by the LED
chip 2.

As with the eWLP package 200 shown in FIG. 6, the
eWLP package 210 shown in FIG. 7 allows an electrical
connection to be easily and economically made to the back
side electrical contact of the LED chip 2. As with the
package 200 shown in FIG. 6, a heat sink device (not shown)
may be secured to the metal layer 211 of the package 210 to
allow heat generated by the chip 2 and block 10 to be
dissipated through the back side of the package 210.

FIG. 8 illustrates a cross-sectional view of an example of
an eWLP package 220 that is similar to the eWLP package
200 shown in FIG. 6 except that chip 20 has been replaced
by chip 221, which is a combined LED driver and photo-
diode chip. Thus, chip 221 is both an optoelectronic receiver
chip, including an integrated photodiode and amplifier, and
an LED driver chip. The arrow 222 represents light emitted
by the LED chip 2. The arrow 223 represents light received
by the photodiode/LED driver chip 221. The metal layer 224
disposed on the back side of the package 220 interconnects
electrical contacts (not shown) disposed on the back sides of
the chips 2 and 221.

As with the eWLP package 200 and 210 shown in FIGS.
6 and 7, the eWLP package 220 shown in FIG. 8 allows an
electrical connection to be easily and economically made to
the back side electrical contacts of the LED chip 2 and of the
photodiode/LED driver chip 221. As with the packages 200
and 210 shown in FIGS. 6 and 7, a heat sink device (not
shown) may be secured to the metal layer 224 of the package
220 to allow heat generated by the chips 2 and 221 to be
dissipated through the back side of the package 220.



US 9,425,175 B2

11

FIG. 9 illustrates a cross-sectional view of an example of
an eWLP package 230 that is similar to the eWLP package
100 shown in FIG. 3 except that the contact elements 5 and
35 and the metallization layers 4 and 31 are not part of the
package 230, either because they were never included or
because the back side of the eWLP wafer has been grinded
down to the point that they have been eliminated. A metal
layer 234 disposed on the back side of the package 230 is in
contact with any electrical contacts disposed on the back
sides of the chips 2, 20 and/or 30. The bulk material of block
10 and of chip 20 provide electrically-conductive pathways
from the front side of the package 230 to the metal layer 234.

Not all chips have back side electrical contacts, so it is not
necessary in all cases to provide electrically-conductive
pathways from the front side of the eWLP package to the
back side of the eWLP package. The above examples
demonstrate the manner in which such electrically-conduc-
tive pathways can be easily and economically provided at
the eWLP wafer level in the event that they are needed or
desired. In addition, the above examples demonstrate how
such pathways can be provided without having to form
TSVs or TMVs in the chips or in the eWLP wafer, respec-
tively. It should be noted that the examples are not exhaus-
tive and that persons of skill in the art will understand, in
view of the description being provided herein, the manner in
which the principles and concepts described herein can be
applied to create other types of eWLP devices, packages and
assemblies.

It should also be noted that the electrically-conductive
contact elements described above may also serve as ther-
mally-conductive contact elements for helping conduct heat
away from the chips. Also, there may be cases in which the
contact elements serve only as thermally-conductive contact
elements. In such cases, the contact elements are placed in
contact with an external heat sink device, such as a copper
heat spreader device, for example, which dissipates heat
transferred into it from the contact elements. For example,
with reference to FIG. 5, if chip 2 does not have a back side
electrical contact, then the contact element 133 that is
electrically coupled with contact element 5 may be used to
transfer heat away from the chip 2 via contact elements 5
and 161.

It should be noted that the invention has been described
with reference to a few illustrative embodiments for the
purpose of demonstrating the principles and concepts of the
invention. It will be understood by persons of skill in the art,
in view of the description provided herein, that the invention
is not limited to these illustrative embodiments. For
example, the invention has been described with respect to
examples of particular configurations of eWLP devices
made using methods of the invention, but the invention is
not limited with respect to the particular configurations of
the eWLP devices. The invention also is not limited to the
particular sequences of process steps described above with
reference to the figures. Persons of skill in the art will
understand that many variations can be made to the illus-
trative embodiments without deviating from the scope of the
invention.

What is claimed is:

1. An embedded Wafer-Level Packaging (eWLP) package
comprising:

at least first and second chips encapsulated inside of a

molded material, the molded material having a front
side and a back side, the front side of the molded
material being co-planar with respective front sides of
the first and second chips, a back side of the molded
material being parallel to the front side of the molded
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material, the first and second chips having respective
first electrical contacts disposed on respective front
sides of the first and second chips and exposed thru the
front side of the molded material, the first chip having
at least one second electrical contact disposed on a back
side of the first chip; and

a metal layer disposed on the back side of the molded

material, the second electrical contact disposed on the
back side of the first chip being electrically coupled to
the metal layer, the back side of the second chip being
in contact with the metal layer, and wherein the second
chip comprises a bulk material having a predetermined
electrical conductivity that is sufficiently high for con-
ducting electrical current from the first electrical con-
tact disposed on the front side of the second chip to the
back side of the second chip.

2. The eWLP package of claim 1, wherein the first chip is
an electrical-to-optical converter (EO) chip for converting
an electrical signal into an optical signal and wherein the
second chip comprises a combination of an EO driver for
driving the EO chip and an optical-to-electrical (OE) con-
verter for converting an optical signal received by the
second chip into an electrical signal.

3. The eWLP package of claim 2, wherein the EO chip is
a light-emitting diode (LED) chip, the EO driver is an LED
driver and the OE converter is a photodiode.

4. The eWLP package of claim 2, wherein the EO chip is
a laser diode chip, the EO driver is a laser diode driver and
the OFE converter is a photodiode.

5. The eWLP package of claim 1, wherein a purpose of the
second chip is to conduct electrical current from the first
electrical contact disposed on the front side of the second
chip to the back side of the second chip such that an
electrical connection is made via the second chip and the
metal layer to said at least one second electrical contact
disposed on the back side of the first chip.

6. The eWLP package of claim 1, further comprising:

at least a third chip encapsulated inside of the molded

material such that the front side of the molded material
is co-planar with a front side of the third chip, the third
chip having at least one first electrical contact disposed
on the front side thereof and exposed thru the front side
of the molded material, the third chip having at least
one second electrical contact disposed on a back side of
the third chip, and wherein the metal layer disposed on
the back side of the molded material is electrically
coupled to the second electrical contact disposed on the
back side of the third chip.

7. The eWLP package of claim 6, wherein a purpose of the
second chip is to conduct electrical current from the first
electrical contact disposed on the front side of the second
chip to the back side of the second chip such that an
electrical connection is made via the second chip and the
metal layer to said at least one second electrical contact
disposed on the back side of the first chip.

8. The eWLP package of claim 7, wherein the first chip is
an optical-to-electrical (OE) converter chip for converting
an optical signal into an electrical signal, and wherein the
third chip is a receiver chip for processing the electrical
signal.

9. The eWLP package of claim 7, wherein the first chip is
an electrical-to-optical (EO) converter chip for converting
an electrical signal into an optical signal.

10. The eWLP package of claim 9, wherein the EO
converter chip is a light-emitting diode (LED) chip.

11. The eWLP package of claim 10, wherein the third chip
is an LED driver chip.
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12. The eWLP package of claim 9, wherein the EO
converter chip is a laser diode chip.

13. The eWLP package of claim 12, wherein the third chip
is a laser diode driver chip.

14. The eWLP package of claim 9, wherein the third chip
is an optical-to-electrical (OE) converter chip that converts
an optical signal received by the OE converter chip into an
electrical signal.

15. The eWLP package of claim 14, wherein the OE
converter chip is a photodiode chip.

16. The eWLP package of claim 14, wherein the second
chip is a receiver chip for processing the electrical signal.

17. An embedded Wafer-Level Packaging (eWLP) pack-
age comprising:

at least first, second and third chips encapsulated inside of

a molded material, the molded material having a front
side and a back side, the front side of the molded
material being co-planar with respective front sides of
the first, second and third chips, a back side of the
molded material being parallel to the front side of the
molded material, the first, second and third chips hav-
ing respective first electrical contacts disposed on
respective front sides of the first, second and third chips
and exposed thru the front side of the molded material,
the first and third chips each having at least one second
electrical contact disposed on a back side of the first
and third chips; and

a metal layer disposed on the back side of the molded

material, the second electrical contacts disposed on the
back sides of the first and third chips being electrically
coupled to the metal layer, the back side of the second
chip being in contact with the metal layer, and wherein
the second chip comprises a bulk material having a
predetermined electrical conductivity that is suffi-
ciently high for conducting electrical current from the
first electrical contact disposed on the front side of the
second chip to the back side of the second chip, and
wherein a purpose of the second chip is to conduct
electrical current from the first electrical contact dis-
posed on the front side of the second chip to the back
side of the second chip such that an electrical connec-
tion is made via the second chip and the metal layer to
said at least one second electrical contact disposed on
the back side of the first chip.

18. The eWLP package of claim 17, wherein the first chip
is an optical-to-electrical (OE) converter chip for converting
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an optical signal into an electrical signal, and wherein the
third chip is a receiver chip for processing the electrical
signal.

19. The eWLP package of claim 17, wherein the first chip
is an electrical-to-optical (EO) converter chip for converting
an electrical signal into an optical signal.

20. The eWLP package of claim 19, wherein the third chip
is an optical-to-electrical (OE) converter chip that converts
an optical signal received by the OE converter chip into an
electrical signal.

21. An embedded Wafer-Level Packaging (eWLP) assem-
bly comprising:

a circuit board (CB) having a plurality of electrical

contacts disposed on a first surface thereof;

an eWLP package comprising:

at least first and second chips encapsulated inside of a
molded material, the molded material having a front
side and a back side, the front side of the molded
material being co-planar with respective front sides
of the first and second chips, a back side of the
molded material being parallel to the front side of the
molded material, the first and second chips having
respective first electrical contacts disposed on
respective front sides of the first and second chips
and exposed thru the front side of the molded mate-
rial, the first chip having at least one second electri-
cal contact disposed on a back side of the first chip,
and

a metal layer disposed on the back side of the molded
material, the second electrical contact disposed on
the back side of the first chip being electrically
coupled to the metal layer, the back side of the
second chip being in contact with the metal layer,
and wherein the second chip comprises a bulk mate-
rial having a predetermined electrical conductivity
that is sufficiently high for conducting electrical
current from the first electrical contact disposed on
the front side of the second chip to the back side of
the second chip;

and

a plurality of electrically-conductive contact elements,

each electrically conductive contact element intercon-
necting one of the first electrical contacts disposed on
the front sides of the first and second chips and one of
the electrical contacts disposed on the first surface of
the CB.



